Changes in milk production traits (i.e., milk yield, fat, and protein contents) with the pregnancy stage are well documented. To our knowledge, the effect of pregnancy on the detailed milk composition has not been studied so far. The mid-infrared (MIR) spectrum reflects the detailed composition of a milk sample and is obtained by a nonexhaustive and widely used method for milk analysis. Therefore, this study aimed to investigate the effect of pregnancy on milk MIR spectrum in addition to milk production traits (milk yield, fat, and protein contents). A model including regression on the number of days pregnant was applied on milk production traits (milk yield, fat, and protein contents) and on 212 spectral points from the MIR spectra of 9,757 primiparous Holstein cows from Walloon herds. Effects of pregnancy stage were expressed on a relative scale (effect divided by the squared root of the phenotypic variance); this allowed comparisons between effects on milk traits and on 212 spectral points. Effect of pregnancy stage on production traits were in line with previous studies indicating that the model accounted well for the pregnancy effect. Trends of the relative effect of the pregnancy stage on the 212 spectral points were consistent with known and observed effect on milk traits. The highest effect of the pregnancy was observed in the MIR spectral region from 968 to 1,577 cm −1 . For some specific wavenumbers, the effect was higher than for fat and protein contents in the beginning of the pregnancy (from 30 to 90 or 120 d pregnant). In conclusion, the effect of early pregnancy can be observed in the detailed milk composition through the analysis of the MIR spectrum of bovine milk. Further analyses are warranted to explore deeply the use of MIR spectra of bovine milk for breeding and management of dairy cow pregnancy. Key words: dairy cow, pregnancy, milk mid-infrared spectrum
INTRODUCTION
Pregnancy is an essential requirement for a dairy cow to start and to maintain her productive life. But pregnancy puts also an internal stress on the producing animal, as it needs to partition energy between different physiological functions. Therefore, the status of being pregnant is known to influence milk yield and major milk components (e.g., lactose, fat, and protein). Different studies have quantified the effect of pregnancy on milk, fat, and protein yields and contents (Olori et al., 1997; Loker et al., 2009; Penasa et al., 2016) . Olori et al. (1997) reported a depression in milk, fat, and protein yields from the first month of pregnancy, with a significant decrease from the fifth month of pregnancy assuming a constant effect of the lactation stage. In the same way, Olori et al. (1997) reported that fat, protein, lactose, and solids contents at the eighth month of gestation were higher by 2.6, 0.2, 0.1, and 2.9 g/kg, respectively, for nonpregnant cows. Loker et al. (2009) reported a decrease in yields from the start of the pregnancy for Canadian Ayrshire, Jersey, Brown Swiss, and Guernsey dairy cows. More specifically, the significant decrease of milk and fat yields began in the fourth month of pregnancy, and the significant decrease of protein yield began in the second month of pregnancy. For Ayrshire dairy cows, the loss in milk, fat, and protein yields estimated by Loker et al. (2009) was of 3.7, 3.2, and 6.6%, respectively, at the fifth month of pregnancy. Recently, Penasa et al. (2016) investigated the effect of pregnancy stage on milk coagulation properties and showed a continuous improvement of these properties from the beginning to the end of pregnancy. They argued that this is probably due to the higher percentage of solids components in milk observed at that stage of pregnancy. Finally, Bohmanova et al. (2009) have shown that introducing the pregnancy status in genetic evaluation will considerably improve the goodness of fit of the models and, therefore, give more accurate breeding values. All these results confirmed that milk composition is influenced by the pregnancy status of dairy cows (pregnant versus nonpregnant) and varies according to the stage of pregnancy. However, to our knowledge, on a larger scale, only the pregnancy effect on major milk components has been investigated. Changes in minor milk components due to pregnancy can also be expected; in particular, progesterone profiles in milk have been reported to be different between a pregnant and a nonpregnant cow due to pregnancy and related endocrine changes (Friggens and Chagunda, 2005) . Pregnancy-associated glycoproteins are a group of proteins specific to pregnancy that are synthesized and secreted by the placental tissue and are present in blood and in milk (Gajewski et al., 2008) . On a larger scale, pregnancy effects on the whole detailed milk composition, meaning on major and on minor milk components, must still be investigated.
Milk laboratories provide a wide range of analyses, and results are routinely used by organizations advising dairy farmers in their management choices. The same results are often also used as phenotypes for the evaluation of the genetic potential of the animals. Fourier transform mid-infrared (FT-MIR) spectroscopy is the worldwide method of choice for the analysis of milk; FT-MIR allows high-throughput, low-cost, and large-scale analysis of milk that can provide qualitative and quantitative information on milk composition. Therefore, within official milk-recording schemes, most countries use FT-MIR to predict the major milk components (i.e., fat, protein, lactose, and urea contents; De Marchi et al., 2014) . In recent years, intensive research has used FT-MIR also in the prediction of other, more minor, milk components, such as fatty acid (FA) profile (Soyeurt et al., 2006; Rutten et al., 2009 , protein composition (Bonfatti et al., 2011) , and mineral content (Soyeurt et al., 2009) in relation with milk coagulation properties (Toffanin et al., 2015) , and also other milk composition-related phenotypes, such as body energy status McParland and Berry, 2016) , ketone bodies (van Knegsel et al., 2010; Grelet et al., 2016) and hyperketonomia status (van der Drift et al., 2012) , or methane emissions (Vanlierde et al., 2015) . Along with this nonexhaustive list of milk components or phenotypes that can be predicted by FT-MIR, this method is also recognized as a convenient approach to convert spectral data into information on milk quality (e.g., FA composition and milk coagulation properties), cow health, or other traits of interest in management and breeding (De Marchi et al., 2014) . Therefore, it is consensus that the main components of milk as well as detailed milk composition can be assessed through the mid-infrared (MIR) spectra obtained from the FT-MIR analysis of milk.
Usually, MIR spectra are used to predict a specific milk component (i.e., FA, minerals, or ketone bodies) by using the spectral data as predictors and the reference value of the components to be predicted as the response variable (Soyeurt et al., 2006; Grelet et al., 2015) . Other innovative ways to use spectral data exist. As shown by several authors (e.g., Soyeurt et al., 2010; Dagnachew et al., 2013; Wang et al., 2016) , MIR spectral data points (wavenumbers) can be considered traits reflecting detailed milk composition and can then be analyzed by genetic models. Considerable phenotypic and genetic variation in these traits has been shown; therefore, the next step is to study the origin of the observed phenotypic variation in these traits.
The aim of our study was to investigate the effect of pregnancy status on the detailed milk composition of primiparous Holstein cows assessed through the MIR spectra obtained from the routine FT-MIR analysis. The strategy we followed was therefore to consider MIR spectra as response variables to a given internal stress, the status of being pregnant. The effect of pregnancy on MIR spectra was compared with its known effect on milk yield, fat, and protein contents through all stages of pregnancy. This research could provide elements that will permit to adapt current genetics models by introducing the effect of the pregnancy stage, which may lead to new approaches for determining the pregnancy status of dairy cows directly from routine milk analysis. However, this may only be possible if the effect of the pregnancy status is known on predictors expected to be used to determine the pregnancy status of dairy cows; thus, the MIR spectra was the aim of our study.
MATERIALS AND METHODS

Data
Data used was collected between January 2012 and November 2014 by the milk-recording organization of the Walloon Region of Belgium, the Walloon Breeding Association (Ciney, Belgium). A total of 56,902 test-day (TD) records from the first lactation of 9,757 Holsteins and Red-Holsteins cows within 156 Walloon herds were selected. Those herds were enrolled in specific programs 2865 generating high-quality fertility and insemination records. A total of 22,151 dates of inseminations were available with an average of 2.3 (±1.7) inseminations per animals. Observation ranged from 5 to 365 DIM. For all these TD, milk yield, fat, and protein contents were available and only data within the range of ICAR norms (ICAR, 2012) for these milk traits were kept. Pedigree data included 39,108 animals extracted from the database used for the official Walloon genetic evaluation and limited to animals born after 1985.
The pregnancy status, defined as pregnant or nonpregnant, associated with each TD record was determined as follows. The average gestation length of primiparous Holstein cows was set to 282 d, as it is used by the breeding organization in Wallonia, and the pregnancy confirmation was the second calving of these cows. The conception date for a cow with a pregnancy confirmation was determined as the last insemination date performed 282 ± 14 d before the second calving. For a cow with a pregnancy confirmation, TD records occurring between the first calving and the conception date were set to the nonpregnant status, whereas TD records occurring after the conception date were set to the pregnant status. For a cow with no pregnancy confirmation, TD records occurring before the first insemination recorded were set to the nonpregnant status, whereas TD records occurring after that first insemination were discarded. All TD records with of cows with no insemination and no pregnancy confirmation were set to the nonpregnant status. The number of days pregnant (dP) at a specific TD was calculated as the number of days between the TD and the insemination date identified as the conception date. The dP was used to define the pregnancy stage.
MIR Spectra of Milk
All milk samples collected during the conventional milk recording protocol were analyzed by 3 spectrometers MIR MilkoScan FT6000 (Foss, Hillerød, Denmark) at the milk laboratory Comité du Lait (Battice, Belgium). Resulting MIR spectra were expressed in absorbance, with 1,060 spectral points covering the absorption of light from 900 to 5,000 cm −1 wavenumbers. First derivative was calculated on the raw spectra as the difference between the spectral point X and the spectral point X + 5 to set all spectra at a common baseline . All spectra were standardized using the piecewise direct standardization within a European network to reduce the instrument-to-instrument variability, as described in Grelet et al. (2015) . This standardization of machines allows reducing the variability in spectral analysis among spectrometers and over time (Grelet et al., 2015) . Finally, spectral outliers were removed based on a value of over 5 for the standardized Mahalanobis distance of the spectral data set.
Due to their low signal-to-noise ratio, some MIR spectral regions cannot be used for calibration of milk components and, therefore, for further study on MIR spectra (Rutten et al., 2009; Bonfatti et al., 2011; Vanlierde et al., 2015; Grelet et al., 2016) . Based on previous studies and on the known areas of water absorption, only 212 spectral points out of the 1,060 were kept for our study. Wavenumbers covered by these 212 spectral points are from 968 to 1,577 cm . These informative areas are similar to those used in previous studies that aimed to calibrate MIR predictive equations (e.g., for milk composition; Vanlierde et al., 2015; Grelet et al., 2016) .
Model
A univariate model was applied on milk production traits (milk yield, fat, and protein contents) and on the 212 spectral points. For the trait i and a record t of cow q in herd p, the model was defined as follows:
where HTD ij was the jth herd-test-date fixed effect for a trait i (milk yield, fat and protein contents, 212 spectral points); ageC ik was the fixed effects of the kth class of age at calving; F i (dim t ) was a function of the DIM associated with the record t, defined below; α ilp was the lth random regression coefficient for the herd p; β ilq was the lth random regression coefficient for the permanent environmental effect of animal q; γ ilq was the lth random regression coefficient for the additive genetic effect of animal q; z l (dim t ) was the lth modified Legendre polynomial for the DIM associated with record t; δ im was the mth coefficient of a cubic function for the regression on the number of dP w m (dP t ), which allows to introduce the fixed effect of the pregnancy stage; and ε ijkpqt was the residual effect. Age at calving ranged from 21 to 46 mo, and 6 equal-sized classes were created using the PROC RANK procedure (SAS Institute Inc., Cary, NC). The cubic function on dP was chosen after a preliminary study assessed the equivalence between this function and a model with classes of dP. All dP equal to zero corresponded to the nonpregnant status of dairy cows. The function has the advantage to smooth the pregnancy status effect on dP and, therefore, allows
where
The rationale to use a function of DIM, F i (dim t ), was to obtain the best possible lactation curve adjustments avoiding confounding with pregnancy effects. Based on literature the polynomial function as defined by Ali and Schaeffer (1987) was used:
where a, b, c, d , and e were the coefficients of the function; μ t = dim t /305; and ρ t = ln(305/dim t ). The original definitions of μ t and ρ t were used, but it can be shown that 305 is only a scaling factor and could be replaced by 365 or another constant. To assess if this function fitted correctly the observed lactation curves, it was fitted on milk yield, fat, and protein contents using the PROC GLM procedure (SAS Institute Inc.) using this model y it = F i (dim t ) + e it , where F i (dim t ) was defined as in [2] , y it was for trait i the record t, and e it was the corresponding residual effect. Using the obtained coefficients, lactation curves were predicted and then compared with the observed averages of milk production traits per DIM. An alternative matrix notation of [1] is
where y was the vector of observation; t, c, and f were vectors for fixed effects for herd-test-day, calving age, and lactation stage (Ali and Schaeffer coefficients), respectively, T, C, and F being their respective incidence matrices linking them to y; Q was a matrix of modified Legendre polynomial for the DIM associated with each record; a, b, and g were vectors of random regression coefficients for herd, permanent environment, and genetic effects, respectively; H and Z being the incidence matrices for a and b and g, respectively, linking effects to random regressions for each records; d was the vector of fixed regression coefficients of functions of dP; W was the matrix of regression variables defined as linear, quadratic, and cubic functions of dP; and e was the vector random residuals. Expectations (E) and variance of y and random effects were
under the hypothesis that regressions are ordered inside herds and animals, respectively, 
, and
with I a and I b being identity matrices representing the number of herds and the number of animals, respectively; A being the numerator relationship matrix between animals; and the 3 × 3 matrices representing the variances associated with constant, linear, and quadratic modified Legendre polynomials (on the diagonal) and the covariances among them (off diagonal). Residual variances were considered lactation stage-independent, Var( ) . e R I = = σ e 2 As outlined by Gengler and Wiggans (2001) , this can be defended, as the model contains several other environmental random effects that are lactation stage-dependent. Extracting covariances between residuals and variance differences among residuals and putting these into additional random effects was a straightforward application of basic mixed model theory, as described by several authors (e.g., Robinson, 1991) .
Model [1] was applied on milk yield, fat, and protein contents and each of the 212 selected spectral points independently, similar to Bittante and Cecchinato (2013) , who performed a genetic analysis and estimated the variance components of MIR spectra of bovine milk. Variance components were estimated using the restricted maximum likelihood algorithm implemented in the REMLF90 program (Misztal, 2012) , also providing solutions for fixed and random effects.
Effect of Pregnancy Status
To allow comparisons (with a common unit) among the traits, for each trait (milk yield, fat, and protein content, and the 212 spectral points), solutions of coefficients for dP were extracted and normalized by dividing them by the square-root of the estimated averaged phenotypic variance from 5 to 365 DIM. Phenotypic variances at a given DIM were calculated as the sum of the residual variance, the genetic variance, the variance of the herd, and the permanent environmental variance of the considered trait at this DIM. The effect of the pregnancy stage on a given trait was therefore expressed as a relative effect, making comparisons between traits possible. The standard error (SE) of the effect of pregnancy was approximated for every trait i at each dP using
to obtain the weighted sum of the individual SE of each coefficient δ obtained for every trait i and each function m (linear, quadratic, and cubic) of dP.
RESULTS AND DISCUSSION
Data Distribution and Lactation Curve
Proportion of pregnant (51%) and nonpregnant (49%) status were almost evenly represented among TD records of our data set. Distribution of successful inseminations started at 24 DIM; on average, insemination succeeded at 129 (±65) DIM. Figure 1 shows the distribution of TD records by stage of lactation according to their pregnancy status (pregnant vs. nonpregnant). On each DIM, on average, 158 (±38) TD records were available. From 90 to 180 DIM, the number of TD records belonging to each pregnancy status was quite similar, with 7,873 and 8,124 observations for pregnant and nonpregnant status with an average of 93 and 82 records per DIM, respectively. Records from nonpregnant cows with a higher stage of lactation are probably from cows that were not (re-)inseminated because of fertility or health issues. The number of TD records belonging to pregnant cows slightly decreased after 275 DIM due to the dry off period (e.g., 1 or 2 mo before next calving in Wallonia) and due to the calving intervals for Holstein cows between first and second lactation, which was, on average, 418 d in our data set.
In Figure 2 the observed lactation curve and the lactation curve estimated with Ali and Schaeffer (1987) function are both presented for milk yield, fat, and protein contents. The coefficients of determination of these functions were 0.968, 0.939, and 0.980 for milk yield, fat, and protein contents, respectively. This demonstrated that the use of this function to estimate the stage of lactation effect fit the observed effect of lactation curve on milk yield, fat, and protein contents very well. The same function was tested on several spectral points and showed similar results (results not shown); this was expected, as fat and protein contents are predicted as linear combinations of spectral traits. The Ali and Schaeffer function was also tested by Silvestre et al. (2006) under different conditions of data availability and showed good performances if the number of TD records per lactation was sufficient. Silvestre et al. (2006) demonstrated that daily records provided the best results, but also showed good results with 11 TD records per lactation and an interval of 4 wk between TD. In the present study, the average number of TD records per lactation was of 6 (±3) with an interval of 4 wk between tests. However, this is less relevant in our study, as we fitted the function on all available records simultaneously.
Effect of Pregnancy Stage on Milk Production Traits
The average phenotypic variances of milk yield, fat, and protein contents were 13.92 (kg 2 ), 26.06, and 5.95 (g 2 /kg 2 ), respectively. Figure 3 shows the relative effect of dP on milk yield, fat, and protein contents. The evolution of the relative effect of pregnancy according to the dP was very consistent with previous studies (Olori et al., 1997; Bohmanova et al., 2009; Loker et al., 2009; Penasa et al., 2016) . In their model with a regression on dP to account for the pregnancy effect, Bohmanova et al. (2009) observed a slight decrease in milk yield during the first 4 mo of pregnancy (120 dP) and then a stronger decrease. Loker et al. (2009) reported that milk yield started to decrease significantly after 120 dP. In the current study, we also observed an important decrease in milk yield at around 120 dP (Figure 3) . Olori et al. (1997) described an increase of fat content and an increase of protein content from 150 dP with a stronger increase for fat content than for protein content. In the present study, the fat content started to increase at around 120 dP (Figure 3) . Table 1 presents some key values of the relative effect (in absolute value) of pregnancy on the milk production traits (milk yield, fat, and protein contents) at different dP. The relative effect of pregnancy on milk yield is always higher than the relative effect of pregnancy on fat and protein contents. The loss in milk yield and the increase in later dP in fat and protein contents according to the dP are also presented in Table 1 . Olori et al. (1997) mentioned that milk yield of cows at 240 dP had a loss of 3 kg of milk compared with nonpregnant cows, and a loss of around 0.5 kg of milk for cows at 120 dP. Using a model with regression on dP, Bohmanova et al. (2009) estimated a loss of 0.5, 0.8, and 3 kg of milk for cows at 120, 150, and 210 dP, respectively, compared with nonpregnant cows. These results on the loss of milk yield according to the pregnancy stage compared with nonpregnant cows are similar to results in our study (Table 1) . Loker et al. (2009) observed a loss of 1 kg of milk for firstparity Ayrshire dairy cows at 60 dP and a loss of 4 kg of milk for pregnant cows at 210 dP compared with Figure 2 . Average lactation curves (dots) within the whole data set for milk yield and fat and protein contents, and lactation curves estimated (solid lines) with the Ali and Schaeffer (1997) function of the DIM for first-parity Holstein cows. nonpregnant cows. In our study, we observed slightly lower loss of milk for pregnant Holstein cows at 60 and 210 dP, 0.3 and 0.5 kg, respectively. Olori et al. (1997) also studied the effect of the pregnancy stage on fat and protein contents and found an increase in fat content of 1 g/kg higher for pregnant cows at 210 dP, whereas we had an increase of 1.8 g/kg at 210 dP compared with nonpregnant cows (Table 1) . However, the patterns of the increase in fat content between the 2 studies are similar, with a slight decrease in the beginning of the pregnancy and an increase from 150 dP (Figure 3 ; Table 1 ). The patterns for protein contents (i.e., slight increase in protein content of pregnant cow at the beginning of the pregnancy, then a decrease, and then a slight increase at the end of the pregnancy; Figure 3 ; Table 1 ) were also observed by Olori et al. (1997) , with a protein content higher of 0.2 g/kg for pregnant cows at 240 dP compared with nonpregnant cows. Given the complexity of this type of study, comparisons between them should consider differences in data sets and models. Olori et al. (1997) studied the effect of pregnancy stage on only 448 first-parity cows, whereas we had a higher number of first-parity cows (9,757) milked twice a day and recorded more recently. This may explain the slight differences observed on fat and protein contents; however, the effect of pregnancy stage on milk yield and the patterns of the effect of pregnancy on fat and protein contents were consistent with previous studies and demonstrated that our model accounted well for the pregnancy stage.
Preliminary results (not shown) demonstrated the equivalence between a cubic function of dP and a model with classes of dP. Previous studies by other authors mainly used models with classes of month of pregnancy or number of days pregnant to account for the pregnancy effect. Penasa et al. (2016) used a model with 4 classes to assess the pregnancy effect (not pregnant, 1-120 dP, 121-210 dP, >211 dP), and the best model (2009) also mentioned that the model with a regression on dP had similar performances than with classes of pregnancy. Bohmanova et al. (2009) concluded that a model with classes of month of pregnancy and a model with regression on the dP, to account for the pregnancy effect within the Canadian test-day model, performed similarly. In the current study, we considered using a model with regression on dP, and not with classes of dP, as a better option to fit the estimated effect of the stage of pregnancy on milk production traits and on MIR spectra (212 spectral points). Results of our model on milk production traits (milk yield, fat, and protein contents) were very similar to previous studies that used either models with classes of dP or models with a regression on dP (Olori et al., 1997; Bohmanova et al., 2009; Loker et al., 2009; Penasa et al., 2016) .
Genetic Parameters Within the Model on MIR Spectra
The phenotypic variance explained by the model for each of the 212 spectral points had a wide range of variability, from 0.99 to 287.00 with an average value of 25.66 (±55.52). The highest variances estimates were located in the 1,732 to 1,763 and 2,831 to 2,966 cm −1 regions of the MIR spectrum. Figure 4 represents the percentage of the total variation explained within the model by the genetic, permanent environment, herd, and residual effects. On average, the total variation of MIR wavenumbers by genetic, permanent environment, and herd effects was 33, 10 and 33%, respectively, whereas the residual effect explained 24% of the total variation. Lowest proportions of variation explained by the genetic effect were observed around 1,800 cm −1 and from 1,300 to 1,400 cm −1 (Figure 4) . In their study, Wang et al. (2016) also observed a low percentage of Figure 4 depicted a wide variability regarding wavenumbers which has to be further investigated.
Effect of Pregnancy Stage on the MIR Spectra
General Overview of the Effect of Pregnancy on MIR Spectra. The relative effect of the pregnancy status on the MIR spectrum (212 spectral points) for some dP is presented on Figure 5 . Within the MIR spectrum of milk, the effect of the pregnancy stage is not constant and varies according to the wavenumbers. As expected the relative effect of the pregnancy stage on the MIR spectrum, and therefore on the milk composition, becomes, in absolute value, generally more important later in pregnancy (higher dP values). For some specific MIR spectral regions, results suggested that the relative effect of the pregnancy was more important on them than on milk production traits (milk yield, fat, and protein contents). Figure 6 presents the relative effect of the pregnancy status in absolute value at 60 dP. The relative effect of the pregnancy status at 60 dP on milk production traits is also represented. We can clearly observe that, for some specific wavenumbers, relative effect of the pregnancy status at 60 dP is higher than on fat content, on protein content, and also on milk yield. As predicted fat and protein contents are linear combinations of the MIR spectrum, it was expected that some wavenumbers were reacting stronger than those milk components, which might tend to average out the effect of pregnancy. The relative effect of pregnancy on several specific wavenumbers is shown in Figure 3 . It allows comparing the effect of pregnancy on these wavenumbers with the effect on milk production traits at different stages of pregnancy. The specific wavenumbers given in Figure 3 were chosen based on their highest value for the relative effect of pregnancy early in the pregnancy stage (from 30 to 90 dP). The evolutions of the effect on wavenumbers along the pregnancy stage are not constant and change with the stage of pregnancy, getting higher in late pregnancy.
Effect on Wavenumbers and Comparisons with Milk Parameters. Linking reaction to pregnancy detected in MIR spectra and milk composition is not easy. Table 2 presents the relative effect (in absolute value) of pregnancy at different dP for some of the main chemical bonds of milk components having a response in MIR. The stretching vibration of C-O from alcohols functions and of C-O-C ether aromatic functions, which are chemical bonds specific to the lactose molecule (Grelet et al., 2015) , were less affected by pregnancy stage than milk yield. At 60 dP, the relative effect of pregnancy on milk yield was 0.075 (Table 1) , whereas it was 0.025 and 0.001 for C-O and C-O-C, respectively. After 150 dP, the relative effect of pregnancy was still more important for milk yield, fat, and protein contents (Table   1 ) than for the response of the C-O and C-O-C stretching vibration. The effect of pregnancy on stretching and bending of the C-H bonds were more important in the beginning of the pregnancy than on fat and protein contents (Table 1) . At 60 dP, the relative effect of pregnancy on the stretching of C-H 2 (2,927 cm −1 ) and C-H 3 (2,862 cm −1 ) was 0.066 and 0.030, respectively, whereas it was 0.012 for fat content (Table 1) . These peaks of absorption are specific to fat chains (Soyeurt et al., 2006; Grelet et al., 2015) , and according to these results they seems to be more affected by the pregnancy than the fat content at an early stage of pregnancy. Chemical bonds that include nitrogen molecules (i.e., C-N, N-N) are specific to protein, and the stretching of such bonds was reported to induce a response around 1,550 cm −1 (Bonfatti et al., 2011; Grelet et al., 2015) . The relative effect of pregnancy at 60 dP on this specific wavenumber was higher (Table 2 ) than the relative effect of pregnancy at 60 dP on the protein content itself (Table 1 ). This indicates again that the raw spectral information is potentially more informative than linear combinations of its components, as in the case of the protein content.
Effect of Pregnancy on Milk Parameters and on MIR Spectral Region. The MIR region located between 968 and 1,577 cm −1 is often called the fingerprint of milk region because of the C-O and C-C stretching modes (Soyeurt et al., 2010) . The average relative effect of pregnancy was higher in this MIR region than on the fat content at 30, 60, 90, and 120 dP, and higher than on the protein content at 60 and 90 dP (Table 3) . Highest values of the relative effect of pregnancy on MIR spectra were observed in this MIR spectral region and were higher than on fat and protein content, but also higher than on milk yield. This can also be observed on the Figure 5 , where the relative Figure 6 . Relative effect of the pregnancy status at 60 d pregnant expressed in absolute value on the milk mid-infrared spectra compared with the effect of the pregnancy status at 60 d pregnant on milk yield, on protein content, and on fat content. effect of the pregnancy status (in absolute value) at a stage of 60 dP is shown and compared with the relative effect of the pregnancy status at the same stage on milk production traits. The highest values within this MIR spectral region for the relative effect of pregnancy were observed between 1,377 and 1,381 cm −1 at the beginning of the pregnancy and between 999 and 1,003 cm −1 after 150 dP (Table 3 ). According to Soyeurt et al. (2010) , carboxylic groups of protein induce a response between 1,200 and 1,450 cm −1
. Moreover, stretching mode of N-O and NO 2 also induce a response around 1,375 cm −1 (Socrates, 1980) , which could be related to pregnancy-associated proteins. Socrates (1980) also mentioned that around 1,375 cm −1 carbon chains and C = O bonds, linked to FA, induce a response. On average, the lowest values of the relative effect of pregnancy on MIR spectra were observed within the intervals from 1,732 to 1,763 cm −1 and from 1,782 to 1,809 cm −1 (Table 4). Highest values of the relative effect of pregnancy within these MIR spectral regions were in the same range as for fat content and were lower than protein content (Table 1) . Soyeurt et al. (2006) mentioned that the spectral region located between 1,736 and 1,805 cm −1 is related to FA in cow milk. However, in this region it seems that the wavenumbers of MIR spectra of milk were not significantly affected by the pregnancy status (Table 4) . Within the MIR spectral region from 2,831 to 2,966 cm −1 , average values of the relative effect of pregnancy were higher than for fat content at 30, 60, and 90 dP, but lower than for protein content (Table  5) . However, the maximum values for the relative effect of pregnancy in this MIR spectral region were higher than the relative effect of pregnancy on fat content at all dP, and they were higher than on protein content at 60, 90, 180, and 210 dP (Table 5) . Maximum values for the relative effect of pregnancy on MIR spectra within this MIR spectral region were observed to be around 2,927 cm −1 at 30 and 60 dP and around 2,858 cm −1 at 90 and 120 dP (Table 5 ). According to Bittante and Cecchinato (2013) , these wavenumbers are related to the absorption of C-H linkages that are involved in FA. Moreover, Soyeurt et al. (2006 Soyeurt et al. ( , 2010 mentioned that the region located between 2,800 and 3,000 cm −1 is also related to FA in cow milk. These specific wavenumbers related to FA seems to be more affected by the pregnancy status early in the lactation than the fat content itself (Table 5) .
To our knowledge, the present study is the first investigations on the effect of pregnancy status on MIR spectra of bovine milk. However, results on the effect of pregnancy on MIR spectra are consistent with known patterns of the effect of pregnancy on bovine milk yield (Olori et al., 1997; Bohmanova et al., 2009; Loker et al., 2009; Penasa et al., 2016) . Usually, MIR spectra of Table 2 . Some of the main chemical bonds of milk constituents, which have a response in the mid-infrared spectra, and the relative effect (in absolute value) of the pregnancy (approximate SE in brackets) at different days pregnant (dP) on their associated wavenumbers (cm bovine milk are used to predict the milk composition using linear combinations of absorbance values. The range of predictions using MIR spectra is wide and not restrained to major milk components, such as fat and protein content, but also allows predictions of minor milk components (i.e., FA, minerals, and ketone bodies). Therefore, new linear combinations of absorbance value at given wavenumbers may aid in predictions of novel traits of interest, such as pregnancy status. The difficulty is to find these new linear combinations or ways to combine information present in the MIR spectra to determine novel traits of interest. In this study, the effect of the pregnancy stage on the MIR spectra has been shown to be highly variable according to the MIR region. Whereas some wavenumbers were highly affected by the pregnancy status, some were not. This study also showed that, at the beginning of the pregnancy, for some specific wavenumbers of the milk MIR spectrum, the relative effect of pregnancy is higher than for milk yield, fat, and protein contents. Further studies are warranted to confirm these first results and to investigate the effect on multiparous cows, as this study only investigated first-parity cows. According to Loker et al. (2009) , the effect of the pregnancy status is higher for cows in higher lactations (parity 2 and 3) on milk production traits. Therefore, we can assume that the effect of the pregnancy status on the MIR spectra will also be higher for further parities, but this has yet to be investigated. If the reaction of milk composition to pregnancy is confirmed, additional research could explore novel opportunities for the use of FT-MIR technology in the management of pregnancy in dairy cows. Innovative use of this technology is recognized as a source of novel information and allows defining indirect traits describing animal status, health, and fertility (Egger-Danner et al., 2015) . Finally, if this study addressed internal stress (i.e., pregnancy), Hammami et al. (2015) studied the use of reactions of milk components for a given individual cow to external stress (i.e., heat stress). The logical next step will be the use of these reactions as novel model-based biomarkers to study resilience of cows to external or internal stress.
CONCLUSIONS
Results showed that the effect of early pregnancy can be observed in the detailed milk composition through the analysis of the MIR spectrum of bovine milk. Further analyses are warranted to validate, but also to explore more deeply the potential and the required modeling strategies (e.g., reaction norms) to properly use the potential of MIR spectra of bovine milk in this context for breeding and management. Table 4 . Distribution of the mean with the SD, median, minimum, and maximum values of the relative effect of pregnancy (in absolute value) on spectral points within the mid-infrared region from 1,732 to 1,763 cm −1 and from 1,782 to 1,809 cm −1 at different days pregnant (dP) and comparisons with the relative effect of pregnancy (in absolute value) on milk yield and fat and protein contents dP Relative effect on spectral points Wavenumber (cm 
